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MORPHOMETRY OF MEAT BY SCANNING LIGHT MICROSCOPY

H .J. Swat! and

Department of Animal and Poultry Science,
University of Guelph, Guelph, Ontario NlG 2Wl, Canada

Introduction
Morphometric data can be collected
from meat by using a scanning stage and a
photometer,
both controlled by a microcomputer.
The passive counting of con-

There are several methods by which a
scanning motion can be introduced into
the formation of images by light microscopy.
One of the simplest methods is to
move the specimen with a scanning stage,
and then to analyze the light that passes
through a small measuring aperture in the
optical axis of the microscope o
T his
report describes how this simple configuration for scanning light microscopy can
be used to col l ect morphometric data from
meat.
In the first example, the endomysia! boundaries around individual muscle
f i bers are detected and counted.
These
data can be used ste r e ologically to count
the numbers of muscle fibers in a given
cLass sectional area and to detect anisotLopy in the connective tissue framework
of meat .
In the second example,
the
activity of aero b ic enzymes within
the
muscl e fiber is mapped.
Thi s method can
be used to quantify the degree of enzyme
activity within a fiber,
as in the categorizat i on of histochemical f iber type s ,
or may be used to study the radial distLibuti o n of enzyme activity wi thin the
fiber.

nective tissue boundaries is g1ven as an
example to show that enumerative data may
be biassed by the ratio of the width of
the subject of measurement to the projected diameter of the photometer aperture.
In a second example, the scanning
stage is actively directed by the observer and is used to map the radial distribution of succinate dehydrogenase
(SOH)
activity in different histochemical types
of muscle fibers o
This is accomplished
by the arbitrary f itting by the microcomputer of reference features
(plumb line
and corners}
to the muscle fiber per imeter
Concentric zones of the resulting
data matrix are unpacked to calculate
radial gradients o f SOH acti v ity within
muscle fibers
0

0

Init ial paper r ec ei ve d Decem be r 23 , 1982 .
Fi nal ma nusc ri pt r eceive d Au gus t 9 , 1983 .
Direct inquiries to H. J . Swatland.

Apparatus
The
following
components
were
attached to a Zeiss type WL microscope
with a specially strengthened base (Carl
Zeiss,
7082 Oberkochen,
West Germany) :
(1) a type SF photomultiplier, (2)
a 0.5
,urn step scanning stage,
(3)
a solenoidoperated shutter below the photomultiplier,
(4)
a solenoid-operated aperture
to define the
field stop,
and {5)
a
motor-driven continuous interference fi l ter monochromator.
These components were
operated from a zeiss Zonax microcomputer
programmed in Basic.
Muscle tissue
for
the
examples
illustrated in this report was obtained
immediately post mortem from the longissimus dorsi of a Yorkshire gilt,
live
weight 86 kg.
Samples were frozen
in
liquid nitrogen and serial sections wore
cut at a thickness of 10 pm at -20 C.

Te I e phon e nu mber: 519- 824 -4120.

KEY WORDS:
Meat, Morphometry, Stereology, -----scanning light microscopy, Boundary
detect ion,
Succinate
dehydrogenase,
Histochemistry, Microcomputer, Microphotometry.
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Sections were reacted for myofibrillar
ATPase (Guth and Samaha,
1970)
and for
SOH (Zugibe, 1970).
Detection

£!:.

The diameter of the aperture (A) relative
to the width of the boundary (B)
is
described by the A:B ratio, for which two
examples (A/B = 4 and A/8 = 2) are illustrated.
The x-axis indicates the distance travelled by the leading edge of
the boundary across the aperture in units
equal to the aperture diameter (A).

Boundaries

With a rapid silver stain for frozen
sections of meat (S watland , 1979) , eplmysium and perimysium are stained brown or
yellow, and reticular fibers in the endomysium and around adipose cells and blood
vessels are stained black.
When the
stage is moved, stained connective tissue
boundaries that interrupt the light path
to
the photometer cause a decrease in
transmittance .
The speed of the scanning stage is
important with respect to the time needed
for
analog to digital conversion,
the
time needed for replicate measurements to
compensate for photometric error, and the
characteristics of the photometer system.
The decrease in transmittance associated
with the passage of a boundary across the
aperture is shown diagrammatically in Figure 1.

The amount of light that is stopped
by the boundary depends on the width and
position of the boundary relative to the
aperture, and on the transmittance of the
boundary.
The diameter of the aperture
(A)
is divided by the width of the boundary (B) to obtain a ratio that describes
the photometric result of passing the
boundary across the aperture.
In practice, the transmittance threshold for the
detection of a boundary passing across
the aperture is supr isingly complicated
(Figure 2).
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Figure 2 .
A typical contingency table
for the magnitude of error (E)
in the
automated counting of boundaries. On the
y-axis ,
the transmittance level
is the
threshold at which a boundary is detected
as it passes across the aperture.
The
contour lines group together combinations
of transmittance level and A:B ratio that
produce a similar degree of error .
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The upper
zone where no boundaries
are counted (error , E = -100%)
is due to
the background absoi:bance between the
boundaries:
the
transmittance seldom
rises above 0. 9 . The lower zone where no
boundaries are counted (E = -100%) is due
to thin boundaries:
the
transmittance

Figure 1.
Transmittance changes caused
by the passage of a boJJndary across the
photometer aperture .
The light that is
stopped is proportional to the area of
the boundary in the aperture (segment bee
- segment acd)
and to its absorbance.
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never drops low enough to reach the transmittance threshold.
The left-side zone
where many non-existent boundaries are
counted (E > 10%) is due to uneven absorbance across the boundary:
in a thick
boundary,
when the drop in transmittance
forms a broad arc through the upper level
of the threshold of transmittance,
irregularities lead to multiple counting on a
single boundary.
A widespread zone of
negatively biassed counting (E < -10%) is
due to a combination of background absor bance,
transmittance through the boun dary, and thin boundaries relative to the
aperture:
the
signal either
dwells
within,
or seldom enters the transmittance threshold.
Forming
island
within the
zones described above is an
area in which moderate errors are more or
less random (-10
> E < 10%):
at three
relatively small points in this area,
boundaries are counted with no error (E =
0).
The contours that outline the arbitrary error
zones change with the scanning speed and with the degree of tissue
staining.
The boundaries often pass
across
the aperture
obliquely or
in
pairs,
and this produces an anomalous
drop in transmittance.
The most serious
problem of all, however, is that there is
a considerable biological range in the
thickness of endomysia! boundaries.
Muscle fiber
size and number,
and
the number and orientation of connective
tissue boundaries along a pathway can be
estimated stereologically.
For example
(Swatland, 1979), when the scanning stage
is moved
so that the
optical axis
describes a square (with total length of
sides = L)
on the tissue section ,
the
number of muscle fibers within the square
area (mfrN/A)
may be obtained from the
number of endomysia! boundaries that
transected along its sides (enN/L),
mfrNIA =

(enNIL

identify the X: Y coordinates
imeter as shown in Figure 3.

CROSS HAIRS

Figure 3.
The definition of the perimeter of a muscle fiber.
The stage is
moved in y-axis or x-axis steps so that
cross-hairs in the optical axis of
the
microscope trace a subsarcolemmal path.
Since measurements are to be taken
along the perimeter,
the perimeter pathway is subsarcolemmal in position, with
clearance for the image of the measuring
aperture to fall within the muscle fiber.
For this purpose,
the diameter of
the
photometer measuring aperture is mar ked
on the cross-hairs.
The perimeter
is
defined in a clockwise manner,
starting
at the highest point on the muscle fiber,
as shown in Figure 3.
The movements of
the stage are recorded by the microcomputer as vectors that correspond to the
numbers :Jf steps to the left and to the
right of a plumb line from the highest
point on the muscle fiber (Figure 4).
Left or right movements of the section
either
increment or decrement
(respec-

I 4) 2

However,
since
the photometer
responds
indiscriminately to all black boundaries
of a similar type (bN/A),
a correction
factor is needed for non-endomysia! boundaries.
In pork chops from typical
slaughter weight pigs the estimate of the
number of muscle fibers per unit area is
mfrNIA =

((bNIL

of the per-

I 4) 2 x 0.57) + 27.1

tively)

the position number

(PN).

On the

descending clockwise segment of the perimeter, each upward movement of the stage
causes the position number
(PN)
to be
loaded as the line plus number of steps
(LP) for the line that has just been completed (LN-1 when the line numbe r incremented as the first step in the recording
algorithm) .
The east corner (EC) of the
perimeter is taken as the first movement

To define the perimeter of a crosssectioned muscle fiber,
the operator
moves the meat section through the optical axis of the microscope using the
scanning stage under direct control from
the microcomputer keyboard.
Cross- hairs
in the microscope eyepiece are used to
137
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of
the stage to the right (usually at
about3 o'clockonthe perimeter).
At
the east corner, the position number (PN)
is loaded as
the line plus number of
steps {LP)
for that line.
From then
onwards and until
the perimeter begins
its clock-wise ascent,
the position number (PN)
is loaded for each new scanning
line (LN when LN
is incremented first in
the algorithm).

plumb line).
In these instances,
the
lower parts of these registers are loaded
with
recognizable
label
(+1000 or
-1000)
combined with the number of steps
outside of the muscle fiber that occur
between the plumb line and the perimeter.
Table ..!_.
Summary s:!. logical operations
for recording the perimeter £! i!. fiber

PWMB
U NE
1

Move
stage

Pes i tion
relative
to plumb
line

Left
Right
Up

PN>=<O
PN>=<O
PN>=O

Right

PN>=O

=EC,

<WC

Up

PN>=O

>EC ,

<WC

Down

PN<O

>EC ,

<WC

Left

PN<O

>EC ,

=WC

Down

PN<O

>EC,

>WC

Down

PN>O

>EC,

Up

PN<O

>EC,

I
I
I

I
I

LN

LN

I

!

!

I

LM(0)·2
LM(1)•4
LM(2)•5
LM(n)

LP(0)·3
LP(1)•5
LP(2)"7
LP(n)

we ••
EC

I

PN<O I PN ,.= O

Pes i tion
relative
to corners
><EC, ><WC
>< EC, ><WC
<EC ,
<WC

Operations

PN=PN+l
PN=PN-1

LN=LN+l
LP (LN-1) =P N
LP (LN) =PN
PN=PN-1

LN=LN+l
LP (LN) =PN
LN=LN-1
LP (LN+1) =PN
LM (LN) =PN
PN=PN-1

LN=LN-1

LM (LN) =PN
<WC
LN=LN-1
LM (LN+1) =-1000-PN
<WC
LN=LN+l
LP (LN) =1000-PN

When the perimeter has been closed by
the operator and checked for contiguity
by the microcomputer,
the microcomputer
takes control to scan the field bounded
by the subjectively defined perimeter.
On each scan line, the stage steps to the
right for the value of LM and then steps
to the left for
the value of LM + LP.
Absorbance measurements for
each step of
LM + LP are collected in a matrix as
shown in Figure 5. Measurements are made
at the peak of the absorbance spectrum of
the diformazan reaction product (590 nm).
On completion of each scan line ,
the
stage returns to the plumb line and steps
upward to the level of the next scan line
ready for
the collection of more data.
The specially labelled
values of LM
{<-1000)
and LP
(>1000)
are used
to
adjust the scanning pattern for
fibers
that are skewed with respect to the plumb
line.
Absorbance data are collected
in a
matrix with a straight left edge (Figure
5).
This shape facilitates the later
unpacking of the data in concentric zones
with respect to the original perimeter.
The outermost concentric zone is unpacked
as follows:
(1)
all elements of the top
row, (2)
all elements of the bottom row,

Figure 4.
Salient features of the scanning matrix.
LN = line number, LM = line
minus number of steps,
LP = line plus
number of
steps,
PN = position number
along x-axis, we = west corner of perimeter, and EC = east corner of perimeter.
On the ascending clockwise segment
of the perimeter,
each downward movement
of the stage causes the position number
(PN)
to be loaded as the line minus number of steps (LM)
for the scanning line
(LN+l when LN is decremented first in the
algorithm).
The west corner (WC) of the
perimeter is used to make the change from
retrospective to advance loading of LM.
The logical operations described above
are summarized in Table 1.
Subroutines are used to cope with
ellipsoidal perimeters in which the highest and lowest points are skewed with
respect to the plumb line.
As shown in
Table l,
LM and LP then serve a second
function.
The lowest parts of these
registers are unused if a perimeter
is
skewed (LM if the center of gravity is to
the right of the plumb line and LP if the
center of gravity is to the left of the
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and {3)
the first and last elements of
each row in - between the
top and bottom
rows.
After each zone is unpacked ,
the
data of
the zone are replaced by zeros .
The zeros then define
the next outermost
concentric zone
to be unpacked,
and so
on.
Branching instructions within the
a l gorithm fo r
unpacking can cope with a
ragged right margin (should it occur on
the data matrix)
and with matrices con taining either an odd or an even number
of rows .

eva l uated with a ' t ' test.
The gradient
per zone is multiplied by the number of
zones in each fiber
so as to obtain a
radial gradient for each fiber which is
indepe n dent of fiber size. Some preliminary results are shown in Table 2.
Table 2 .
Conce n tric distr i but i on of SD H
thr€e histochemical fiber ~ ~ the
porcine longissimus dorsi muscle {.,!! .= lQ)

i.E

Parameter
0

0

0

0

0

0

0

1

1

1

1

1

1

1

1

Histochemical fiber type
mfr: r

mfr: i

mfr : w

weak
strong
1 . 18

strong
medium

strong
weak

0. 74
0. 32
-0 . 04

0. 28
0. OS
-0.01
0. 01
-0 . 13
0. 09
1.1
0. 08

0

ATPase
SDH
Outer zone SDH

0

1

2

2

2

2

2

2

2

2

2

1

0

0

1

2

3

3

3

3

3

3

3

3

3

2

0

1

2

3

4

4

4

4

4

4

4

4

3

2

1

0

0

1

2

3

4

5

5

5

5

5

5

5

5

4

3

2

1

1

0

so

0.17

zonal gradient

0

so

-0.05
0 . 01

0. 02

- 0.67

-0 . 41
0. 21
1.15
0.1

0

1

2

3

4

5

6 6

6

6

6

6

5

4

3

2

1

0

0

1

2

3

4

5

6

7

7

7

7

6

5

4

3

2

1

0

so

0.11

0

1

2

3

4

5

6

6

6

6

6

6

5

4

3

2

1

0

Eccentricity

1.06

2

3

4

5

5

5

5

5

5

5

3

2

1

0

so

1

4

0. 09

0
0

1

2

3

4

4

4

4

4

4

4

3

2

1

0

0

1

2

3

3

3

3

3

3

3

3

2

1

0

0

1

2

2

2

2

2

2

2

2

1

0

0

1

1

1

1

1

1

1

0

0 0

Radial gradient

Unexpectedly, all three histochemical fiber types have a radial gradient in
their SOH act i vity {a gradient in white
fibers had not previously been recognized).
The slope of the gradient might
perhaps be proportional to the overall
degree of SDH activity.
Future progress
with this technique may justify a more
sophisticated three-dimensional analysis
of the stored data.

0
..._

Figure 5.
Shape of the data matrix derived from
the scanning rna tr ix .
The
digits at each point ~n the matrix indicate the allocation of
that point to a
concentric
when the
matrix is
unpacked.

Discussion
Information on the microstructure of
meat is usually reported scientifically
by means of a few sample micrographs.
Not supr isingly ,
these usually support
the conclusions and hypotheses that are
advanced by the authors of the report.
The reader of the report, therefore ,
has
no way to evaluate the degree of variability of
the microstructure and
is,
thus, denied access to data that might be
open to some alternative explanation.
The presentation of quantitative morphomet r ic data can sometimes improve this
situation,
particularly if the data are
abundant and collected objectively.
The
two e x amples presented in this report
show the types of operations that
possible with a relatively inexpensive
microcomputer system.
Both examples can
be easily modified to serve a number of
other object i ves.
In the first example ,
the automatic counting of muscle fibe r s,
the data could be used to estimate appa ren t fiber nu mbers in whole muscles . The
apparent fiber number
is the numerical

The main feature of this simple
algorithm for
the definition of concentric zones is that each zone is corrected
for asymmetry. Although a few outer elements may be moved from one true concentric zone to another , the innermost zones
are defined as a solid axial core rather
than an attenuated shape that contradicts
integrated diffusion
gradients.
The
deviation of the concentric zones defined
in this way from true concentric zones is
monitored by calculating the degree of
eccentricity.
A least-squares linear
regression is used to detect concentric
gradients within the muscle fiber.
A
positive slope indicates
that absorbance
increases from the periphery to the axis,
and vice versa.
Since the outer zones
contain many more observations
than the
inner zones ,
the slope of the regression
is calc u lated from the means of the zones
ra t her t h an from the o r iginal data.
The
null hypothesis that there is no slope is
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Dis c u ss i o n with Revie wers

product of the cross sectional area of
the whole muscle multiplied by the packing density of muscle fibers per un it
area.
Care must be taken to ensure that
both the whole muscle section and the
microscope sections are obtained in the
same,
or
in nearby parallel planes.
Similarly, care is needed to avoid, or to
correct for any tissue shrinkage due to
histological techniques.
Apparent fiber
numbers are extremely useful in comparing
the potential meat yield of different
breeds of animals. The same method, however ,
cou ld eas i ly be applied on a
smaller scale to muscle samples for rheological testing.
In this case , from the
number of fibers present in the stump of
the tested sample ,
it would be possible
to correct for differences in fiber numbers between samples.
Rheological data
could even be expressed on a per fiber
basis.
The microstructural deformation
caused by the rheological testing of meat
samples has been described
(Swatland ,
1978)
and could easily be expressed in
q u antitative terms by measuring the endomysia! boundary frequency in different
axes of the sample.
In the second example, measurement
of t he radial distribution of aerobic
enzymes ,
the basic method of sca nning
within an area def ined by the operator
avoids o ne of the most serious difficulties encountered with more sophisticated
image a n alysis systems the difficulty
of defining individual muscle fibers.
The resolution
of individual
muscle
fibers when they are closely packed and
when they exhibit s imil ar histochemica l
reactions is extremely difficult if not
impossible to achieve by most image analysis systems .
The human operator, however, has access to a large amount of
subtle information obtained by sligh t
variations in focus and ,
as
last
resort , can refer to a serial section
stained with silver to demon strate e nd omysia! boundaries.
Scientifically ,
the
technique of scanning withirr a defined
area has a lot
to offer in future
research since it may be used for a variety of histochemical techniques .

Q.~ .

Yo ung:
What does the author think
is the significance of a SOH activity
gradient from the core to the periphery
of muscle fibers?
Author:
Oxygen is delivered to the muscle fiber surface by capillaries . There fore,
the axis of the fiber
is farther
from the supply of oxygen than is the
subsarcolemmal zone.
The intracellular
availabili ty of oxygen is mirrored in the
d i stribution
of mitochondria.
This
causes the descending centripetal gradi ent of SOH activity.
There are two main
features of this system that have some
scient i fic significance. The first point
is of theoretical interest.
The classi cal model for the distribution of oxygen
within muscles was proposed by Krogh in
1919 (K r ogh , A. 1919. The number and dis tribution of capillaries in muscles with
calculations of the oxygen pressure head
necessary for
supplying the tissue. J.
Physiol.
52:
409-415).
This model
assumes tha t the supply of oxygen is predominantly a centrifugal system centered
on the capillaries that wind betwee n the
muscle
fibers .
The
SOH
gradients
reported here,
however , show that there
is li ttl e evidence
of a centrifugal
capillary-based diffusion system actually
within the mu scle.
What appears to happen is that the effects due to the
release of oxygen from discrete sites
(the capillaries)
on the muscle fiber
surface are averaged over
the whole sur face of the muscle fiber.
A likely
explanation fo r
this is that
the muscle
is constantly contracting.
Thus ,
the
position of capillari e s on the muscle
fiber surface
is not
constant with
respect to the intracellular components
of the muscle fiber.
A centripetal
fiber - based system might, therefore, be a
more realistic model for the intracellular distribution of oxygen within skeletal muscles.
The second feature of
interest concerning SOH gradients has a
more practical importance.
Meat animals
are constantly being bred for increased
meat yield .
This often results in animals with very large diameter muscle
fibe rs .
If a f iber becomes very large,
is its axis likely to become a n aerobic?
The anaerobic ax is,
if it can survive in
this manne r , is likely to become special ized for anaerobic glycolysis.
Thus , it
may be no coincidence that solid cores of
glycogen may sometimes be found in the
axis of muscle fibers from heavy pigs
(Swatla nd , H. J. 1975.
Relationships between mitochondrial content and glycogen
dist ri but i on in porcine muscle fib res.
Histochem. J. 7: 459-469).
The prac tical
importance of t his condition is that it
is l ikel y to lead to a rapid rate of gly colysis postmortem .
As is well known ,
excessive lactate production in a h ot
carcass leads to the development of pale,
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soft, exudative {PSE) pork. The measurement of SOH gradients, therefore , may be
of some value
in the investigation of
muscle development in meat animals.

different muscle fibers it is difficult
to justify the considerable effort necessary to produce a biochemica lly calibrated gradient.
If radial gradient measurements do, in fact, develop as a useful
tool for the study of muscle fiber histochemistry , it might then be worthwhile to
u ndertake the extra work necessary to
express a gradient in biochemical terms.

f.~.

Voyle:
The i n terp r etation of Table
I was not clear to me .
Is this a summary
of the operating programme in BASIC?
Author:
Essentially, yes.
The logical
operators ( " < ",
" >",
and " = " )
used in
Table I determine what operation will be
c a r ried out
(extreme r ight colum n of
Table I)
for
each dire c tio n of stage
movement (ex t reme left column of Table I )
when at different points around the peri meter.
The point around the per i meter
is described by reference to the plumb
line and co r ners (center two columns of
Table I).
The alphabetical abbreviations
in Table I cor respond to t hose given in
parentheses in the main text.
For example,
the position number is abbreviated
to PN , and so on.

Revie wer III : P l ease explain why the tran smi t tance never drops low enough to reach
the tra n smittance threshold.
Author :
Very of t e n it does.
When it
does not , this is because the boundary is
too narrow o r is too translucent relative
to the arbitrary transmittance threshold.

!·

Segars:
Results obtained by t he new
described method should be compared wi d1
data obtained by previous methods to verify tha t
the algorithms are appropriate
and to establish t heir accuracy and reliability.
For example , was the gradient
observed for the white fibers verified by
other means, or might it be a n artifact
of the method?
Author:
I am not aware of any previous
attempts to quantify the radial distribution of e n zyme activity in skeletal muscle fibers.
It is difficult, therefore ,
to compare the results reported here with
those of any other studies.
With regard
to the possib i lity of the gradients being
an artifact caused by the scanning method
I do not think that this is the case.
The method described here attempts
to
give a quantitative measurement of a phenomenon that is visible under the microscope.
There is,
therefore,
no doubt
that radial gradients exist. What cannot
be so easily dismissed,
howev e r,
is the
possibility that radial gradient measurements are subject to some systematic
sou rce of error that reduce s
their use fulness.
Only time and f urther research
can settle this question.

f·~·

Voyle:
In what terms would you make
comparison of enzyme activi t y between
normal and abnormal tissue? Can the system be calibrated against known standards?
Author:
SOH activity in frozen tissue
sections can be measured in biochemical
terms provided that section thickness and
histochemical co nditions can be rigorously controlled .
Section thick ness
causes the greatest problem.
Since the
tissue is frozen before the development
of rigor mortis when it still contains
abundant adenosine triphosphate ,
it is
rather difficult to prevent contraction
by filam e nt sliding when the section is
thawed.
The damage caused to the sarcoplasmic
reticulum by freezing and sectioning leads to the release of calcium
ions .
These then initiate extreme contraction on thawing.
Since the histological sections are taken in a transverse
plane , thaw-con traction causes an i r regu lar change in the thickness of the section.
Each muscle fiber
is likely to
change its thickness i ndependently with i n
the depth of the sect i on. The cover slip
that is added when a permanent preparation is made, merely sits like a lid over
the whole i rregular sectio n .
The end
result is
that the length of the light
path is irregular , and the estimation of
diformazan concentration
from optical
absorbance is not precise.
There are
many
other
technical
problems
that
further confound the problem . The formation of the difo r mazan rection product in
the reaction for SOH may not be li near
with respect to ti me.
The concentration
of the reaction product into small gra nules allows an uninter r upted light path
between the granules so that the r e
is a
distributional error.
To cut
long
story short , if a non - calibrated g r adient
ca n be satisfactorily used to compare
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